Background: In the past decade, the endoscopic transnasal technique has been broadly applied as a feasible and less invasive approach to the skull base. The adaptability of the endoscopic technique allows a case-specific approach in order to minimize both endonasal and cranio-cerebral manipulation; therefore it can be also used in patients complaining exceptional skull base lesions and in weak patients. The objective of this paper is to present the first case of intracerebral bullet removal using a pure endoscopic transnasal route through a custom made unilateral craniectomy. Case Description: A 59-year-old patient was admitted to the emergency department after a gunshot injury to the head, thorax, abdomen, and pelvis. Admission Glasgow Coma Scale was 7. Brain computed tomography (CT) scan highlighted a right occipital hole defect due to perforative impact, intracerebral dislocations of bone fragments, right intracerebral and subdural hematoma, and midline shift to the left side; the bullet was localized in the right frontal lobe and its tip was in contact with the ethmoid roof. The patient underwent emergency decompressive craniectomy and evacuation of the subdural hematoma and abdominal explorative laparotomy, ileum resection, and gastrorrhaphy. After 1 month, the patient underwent endoscopic transnasal removal of the bullet and skull base reconstruction due to cerebrospinal fluid infection. The postoperative course was uneventful and he has done well in follow-up with no evidence of cerebrospinal fluid leak and preservation of olfaction. Conclusion: The adaptability of the endoscopic transnasal technique offers patients complaining exceptional skull base lesions a case-specific strategy minimizing morbidity and postoperative stay.
standard to evaluate cerebral injury and demonstrate the bullet trajectory. Poor admission Glasgow Coma Scale (GCS) score correlates with poor outcome; associated space-occupying and extracerebral hematomas as well as intraventricular hemorrhage may require an emergency operation to preserve and/or restore neurologic functions. During management of hemorrhagic complications bullet and bone fragments removal is indicated when feasible. Intracranial bullets have been usually removed through conventional microsurgical transcranial approaches, after confirmation of their position since spontaneus dislocation has been reported in the literature. [10] Long-term complications (i.e., cerebrospinal fluid (CSF) leakage, infections, pseudoaneurism, carotid-cavernous fistula formation) should be considered and prevented after patient's stabilization.
Endoscopic transnasal removal of bullet and foreign body from the paranasal sinuses and orbit has been reported in the literature. [6, 8, 16, 17, [20] [21] [22] [23] [24] [25] To our knowledge, intracranial bullet extraction through an endoscopic transnasal craniectomy (ETC) has never been reported before, which is also related to the low frequency of favorable positioning of the bullet and to the high mortality rate. This report details the operative technique for a unilateral keyhole craniectomy of the anterior skull base with subsequent multilayer reconstruction. The position of the target as well as its relationships with surrounding neurovascular structures (olfactory bulb and anterior ethmoidal artery) guided the creation of a patient-specific roadmap.
Traditional transcranial approaches to the midline anterior skull base (i.e., subfrontal, transfacial, and craniofacial) may include complications related to brain retraction, contusions, CSF leak, meningitis, and cosmetic deformity. The endoscopic endonasal technique allows more direct approach with minimal morbidity; it is versatile and suitable for managing a variety of pathological entities. The advantages of the endoscopic approach increase its appeal in the management of traumatic skull base pathology in weak and/or critical patients.
The choice of the endoscopic technique was guided by the following goals: A short operative time and postoperative stay, reduced risk of infection, olfactory function preservation, effective closure of the communication between the intracranial cavity and the sinonasal tract. A watertight dural repair is essential to avoid complications such as meningitis or brain abscess. Since the early 1980s, endonasal duraplasty of anterior skull base has been applied with a success rate of more than 90%. [5, 9, 15, 18] In our experience with endoscopic management of skull base diseases, autologous materials such as fascia lata or iliotibial tract (ITT) are the first choice. [26] 
CASE REPORT
A 59-year-old patient was admitted to the emergency department after a gunshot injury to the head, thorax, abdomen, and pelvis. Admission GCS was 7. Physical examination revealed two entry wounds: one in the buttock and one in the right occipital area.
Brain CT scan highlighted a right occipital hole defect due to perforative impact, intracerebral dislocations of bone fragments, right intracerebral and subdural hematomas, and midline shift to the left side; the bullet was localized in the right frontal lobe and its tip was set in the ethmoid roof [ Figure 1 ].
Thoraco-abdominal CT scan studied the effects of the bullet entered through the buttock, which was located in the left inferior lobar bronchus. Free blood in the abdomen and pelvis was underlined.
The patient underwent emergency decompressive craniectomy and evacuation of the subdural hematoma followed by initial neurological improvement; abdominal injury required explorative laparotomy, ileum resection, and gastrorrhaphy. On the fourth postoperative day respiratory distress required percutaneous tracheostomy; the presentation of fever required refinement of the antibiotic therapy, adapted to cultures obtained by CSF and serial tracheal aspirates. One CSF culture was positive for Enterococcus faecalis and tracheal aspirate cultures were positive for Pseudomonas aeruginosa and Candida. After 35 days the patient was considered clinically stable, GCS was 15, with left hemiplegia. The antibiotic therapy (meropenem plus linezolid and fluconazole) was withdrawn and, 1 week later, he underwent endoscopic endonasal removal of the bullet and skull base reconstruction [ Figures 2 and 3 ].
Preoperative workup included a high resolution CT scan with coronal and sagittal reconstructions and both soft tissues and bone algorithms. It ruled out bullet dislocation, assessing the following issues: Anatomic configuration of the paranasal sinuses, that is, morphology of the olfactory cleft, insertion of the basal lamella, and of the uncinate process. Measurement software (OsiriX DICOM viewer; © Pixmeo SARL, Switzerland) was used to estimate the trajectory, osteodural window, and work out a vascularized flap for reconstruction.
Perioperative antibiotic prophylaxis with a third generation cephalosporin was administered half an hour before surgery and continued for 1 week. The patient's postoperative course was uneventful and he has done well in follow-up, with no evidence of CSF leak and preservation of olfaction. Early postoperative CT scan ruled out intracranial complications and confirmed proper skull base reconstruction [ Figure 4a ]. After 5 days the patient was discharged and followed in a rehabilitation center. One month postoperative endoscopic control [ Figure 4b ] and CT imaging after 3 months of follow-up showed no evidence of intracranial complications. After 14 months no evidence of CSF leak has been referred.
Operative technique
Rigid 4 mm endoscopes with 0° and 45° lenses (Karl Storz, Tuttlingen, Germany) were used. The patient's head was hyperextended and the thorax was slightly elevated. The surgical plan consisted in a unilateral ETC, resection of the overlying dura, bullet removal, and multilayer skull base reconstruction.
In this specific case the extent of the surgical corridor favored the use of the contralateral mucoperiosteal septal flap as the last layer for the reconstruction. It was harvested at the beginning of the procedure through two vertical incisions, extended toward the skull base, anteriorly and posteriorly to the left olfactory niche; the former was about 2 cm posterior to the nasal spine and the latter was at the level of the rostro-septal junction. This technical choice was dictated by several reasons: Harvesting the flap in the early phase of the operation allows to perform a two-nostrils four-hands technique; the wide vascular supply of the flap, based on the left ethmoidal arteries, contributes to reduce the risk of CSF leak and to fasten the healing process; finally the positioning of the flap over the contralateral anterior skull base opens the residual left olfactory niche with reasonable improvement of residual olfaction.
After the posterior septectomy, the unilateral ETC included: Middle turbinectomy, uncinectomy, middle meatotomy, total ethmoidectomy, and standard sphenoidotomy. After dissection of the suprabullar recess, the right anterior ethmoidal artery was clearly highlighted travelling in its canal along a bony mesentery; the artery had been spared by the bullet since it was located in the first foveola, in contact with the vessel and surrounded by yellow-whitish inflammatory tissue. The exposure was further expanded anteriorly, toward the frontal sinus. After identification of the first olfactory fiber, drilling of the most anterosuperior nasal septum and the floor of the frontal sinus completed the exposure of the surgical target.
The extended frontal sinusotomy, with clear identification of the whole posterior wall of the frontal sinus, provided a regular anterior bony margin of the skull base defect for the multilayer reconstruction and allowed easier identification of the crista galli on the midline.
Bone surrounding the bullet was removed using a highspeed microdrill under direct vision. The ETC extended from the posterior wall of the frontal sinus to the posterior ethmoidal artery in the anteroposterior plane, and from the right lamina papyracea, to the insertion of the crista galli on the right cribriform plate in the coronal plane.
After coagulation and section of the right anterior ethmoidal artery, dural tearing surrounding the bullet was resected and the bullet was isolated and removed; gliotic brain tissue was removed using gentle suction and no bleeding was observed.
The ITT was harvested in the middle third of the thigh (5 × 10 cm) by a traditional approach. A double layer of ITT -intradural and epidural -was used; the intradural graft was about 30% larger than the dural defect; the epidural graft was 5 mm larger than the bony defect and modeled to shape as nearly as possible the exact contour of the craniectomy, whose pattern had been drawn on a silastic sheet template. At the end of the procedure, the left nasoseptal flap was put in place onlay. Natural surface tension and a few drops of fibrin glue along the margins of the flap kept it in place while silastic frontal stent, collagen sponge, and nasal packing were positioned.
DISCUSSION
In the past 10 years, a new paradigm in skull base surgery has been created: As in other specialties the endoscopic technique became a complement to standard surgical approaches.
Since the 1980s, ENT surgeons prepared the way for "pure" endoscopic transnasal approaches starting from the functional endoscopic sinus surgery, passing through endoscopic reparation of CSF leaks, resection of selected benign and malignant lesions, and arriving to extended endoscopic skull base and intracranial procedures. [1] [2] [3] [4] 7, 11, 13, 14, 19, 26, 27] Actually midline skull base pathologies can be managed through two approaches: The microscopic transcranic, more familiar to neurosurgeons, and the endoscopic transnasal, more familiar to otolaryngologists. Therefore a modern skull base team must be able to offer the best surgical option on a case-specific base. In selected cases the endoscopic transnasal technique allows lower complication rate, less morbidity, and mortality compared with conventional transcranial and transfacial approaches.
Decision making is guided by encouraging early outcome data concerning the management of both benign and malign skull base pathologies such as CSF leaks, meningoencephaloceles, selected sinonasal malignant tumors, meningiomas, although a consensus is far from being achieved. [7, 12, 19, 26] Furthermore, since the introduction of vascularized reconstruction techniques, reduction of postoperative CSF leak rate, which is one of the major obstacles to endonasal brain surgery, contributed to increase the reproducibility of the technique. [5, 11] Gunshot wounds to the head are often associated with a significant morbidity and mortality; brain damage may lead to permanent disability, which can be limited by timely treatment of related acute complications such as hemorrhage, edema, and epilepsy. Besides surgical management of hemorragic complications, debridement, and removal of the bone fragments and bullet is reserved to those that can be reached without damaging eloquent areas. People can survive with bullet and bone fragments in the brain, but it is preferable to remove them, if possible, since the retained bullet and the traumatic breakthrough of the skull base lead to a high risk of life threatening complications such as recurrent meningitis or brain abscess.
Endoscopic removal of bullets and foreign bodies from the paranasal sinuses and orbit have been reported in the literature. [6, 16, 17, [21] [22] [23] [24] [25] Since 2004, endoscopic transnasal removal of intracranial foreign bodies has been reported. [8, 20] After stabilization of patient's global conditions and improvement of his neurological status, although he was still weak, his consciousness was intact and his interactivity was pretty normal except for the left hemiplegia and the tracheostomy. Successful therapeutic management required only to prevent further complications and reduce the risk of brain infection through a minimally invasive surgical strategy. The position of the bullet close to the right ethmoidal fovea tailored the approach for its removal. Preoperative CT scan provided the roadmap for safe and precise endoscopic identification and removal of the bullet through an ETC [ Figure 1 ]. Reconstruction strategy with exclusive autologous materials such as ITT and contralateral pedicled septal flap, was scheduled to reduce complications, speed up the healing process and optimize the residual olfaction.
Image guidance was not deemed necessary due to the clear relationships between the bullet and surrounding intracranial and sinonasal structures such as the fovea ethmoidalis and the anterior ethmoidal artery. However, a possible craniotomic approach has been taken into consideration in case of unespected intracranial bleeding during bullet removal.
CONCLUSIONS
The crosspollination between subspecialties and teamwork encourage the use of the endoscopic transnasal techniques also in patient complaining exceptional skull base lesions. Significantly lower associated morbidity, compared with conventional approaches, makes the transnasal corridor a valuable alternate line of management in properly selected cases.
